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ABSTRACT

The finite-element structural analysis method was used in a two-dimensional stress concentration
analysis of anew pylon hook for carrying the X-38 lifting body atmospheric drop test vehicle on the B-52
carrier aircraft. The stress distributionsin the hook were obtained, and the critical stress points were iden-
tified. The functional relationships between the applied hook load and the induced maximum tangential
and shear stresses were established for setting the limit hook load for test flights. By properly represent-
ing the X-38 hook with an equivalent curved beam, the conventional curved beam theory predicted the
values of the maximum tangential and shear stresses quite close to those calculated from the finite-
element analysis. The equivalent curved beam method may be of practical value during theinitial stage of
the hook design in estimating the critical stresses and failure |oads with reasonable accuracy.

NOMENCLATURE
a radius of hook inner circular boundary region, in.
b radius of hook outer circular boundary region, in.
c inner to outer radii ratio, c = a/b
CRV crew return vehicle
DAST drone for aerodynamic and structural testing
E Y oung’' s modulus, 1b/in?
g curved beam depth parameter for end moment loading
g, curved beam depth parameter for end force loading
h thickness of hook, in.
JLOC joint location

| moment arm of hook load, in.

M end moment for equivalent curved beam, M =PI, in-Ib

P hook load or end force for equivalent curved beam, Ib

Pee partial hook load for finite-element model, P = 0.01(P/h), Ib
P ultimate hook load in shear failure, Ib

Ptf ultimate hook load in tensile failure, Ib

q distributed hook load, Ib/in.

e nodal force for finite-element model, >qrr = P, Ib/node



Og
P
Og
Og|g = 20.05°
gl =g,

Tt

radial distance, in.

radial location of maximum shear Stress 1, g| max IN-
rectangular Cartesian coordinates

angular coordinate measured from horizontal x-axis, deg

angular location of critical stress point for 0t| max 9eg
Poisson’sratio

tensile failure stress, 1b/in?

total radial stressin the curved beam, Ib/in®

radial stressin the curved beam due to end moment M, Ib/in?
radial stressin the curved beam due to end force P, Ib/in?
tangential stress in the hook from finite-element analysis, Ib/in?
total tangential stress in the curved beam, Ib/in?

tangential stressin the curved beam due to end moment M, Ib/i n?
tangential stressin the curved beam due to end force P, Ib/i n?
value of o at § = 29.25°, Ib/in?

value of o at 6 = 6, Ib/in?

shear failure stress, Ib/in®

total shear stressin the curved beam, Ib/in?

shear stressin the curved beam due to end moment M, Ib/in?
shear stress in the curved beam due to end force P, Ib/in?

shear stress in the hook from finite-element analysis, Ib/in?

maximum value of ()

INTRODUCTION

The vehicle designated the X-38 is alifting body flight vehicle that will develop the technologies for
the emergency crew return vehicle (CRV) for the International Space Station. The operational CRV will
be 28.5 ft long and 14.5 ft wide. The structure will be aluminum with a shell of graphite-cyanate ester



epoxy. The thermal protection system will consist of improved Space Shuttle Orbiter-derived blankets
and tiles. The vehicle will have four control surfaces: two body flaps for pitch and roll control, and two
rudders for yaw and roll control. The operational CRV will reenter from orbit and glide unpowered like
the Space Shuttle Orbiter, but unlike the Orbiter, it will not employ a steep high-energy approach landing.
Because of potentially excessive landing speeds for the small but heavy vehicle, the CRV will use a steer-
able ram-air parachute below Mach 0.25 and flare to a soft landing. The entire sequence from reentry to
landing is to be fully autonomous without any need for human intervention.

The experimental X-38 vehicle shown in figure 1 isanearly full-scale vehicle and is 24.5 ft long and
11.5 ft wide, weighing 16,557 Ib. The X-38 will be carried under the wing of the NASA Dryden B-52
aircraft on two new L-shaped hooks on a specially designed pylon up to an altitude of 40,000 ft to con-
duct nonpiloted, free-flight drop tests. The main purposes of the tests are to evaluate touchdown dynam-
ics of the vehicle-parachute combination, to study free-flight vehicle stability and control characteristics
in transonic and subsonic flight, to assess parachute system reliability, and to demonstrate free-flight
vehicle energy management and positioning capabilities.

The L-shaped hooks will induce stress concentration in the inner circular boundary region and, there-
fore, the new hook must be designed in such a way as to reduce the stress concentration and eliminate
fatigue concerns during the X-38 program. Thus, an examination of the induced stress field in the new
hook is important to validate its structural integrity.

This report concerns the finite-element stress analysis of anewly designed hook for carrying the X-38
vehicle and documents the analyses performed. The report presents the analytical stress distributionsin
the new hook to locate the critical stress points in tension and shear. Certain functional relationships
between the hook load and the induced maximum tangential stress and the maximum shear stress are
established, and an equivalent curved beam theory is devel oped to analyze the hook.

X-38 HOOK DESCRIPTIONS

Figure 2 shows a sketch of the B-52 carrying the X-38 vehicle on new identical front and rear hooks
(called X-38 hooks) on a dedicated pylon. The X-38 vehicle rolling motion during captive-carry flight is
restrained by two sway braces as shown in the figure. Figure 3 shows the geometry of the L-shaped X-38
hook. The X-38 hook is made of 4340 steel that was heat-treated and has the following material properties

E = 29 x 10° Ib/in?

v = 0.32

o, = 101,000 lb/in

T, = 60,600 b/in?

The hook has thicknessh = 2.8 in. The inner circular arc boundary of the hook has aradius of 0.5in.,
and the outer circular arc boundary has a radius of 2 in. The centers of the two radii do not coincide.
Because of the nonconcentric nature of the inner and outer circular arc boundaries, the hook is clearly not
aconventional curved beam.



The X-38 design hook load, P, is 42,027 Ib. This hook load consists of four components:

» Static load due to X-38 weight
» Static load due to tightening of sway braces
» Aerodynamic load generated from aerodynamic force exerted on X-38 during captive flight

* Inertia load arising from X-38 vertical inertia load (2.2 times gravitational acceleration) during
captive flight

The hook load P islocated at adistance |l = 0.75 in. from the y-axis (fig. 3). To avoid local point loading,
the hook load isdistributed over the flat horizontal surface of the hook through arounded triangular sleeve
that can rotate freely around a circular pin (fig. 3) when the hooks swing to launch the X-38 vehicle.

FINITE-ELEMENT ANALYSIS

The Structures Performance and Resizing (SPAR) finite-element computer program (ref. 1) was used
in the stress concentration analysis of the X-38 hooks.

Finite-Element Modeling

Because the critical stress points are in the lower L-shaped region of the hook, only this region was
modeled. Figure 4 shows the finite-element model generated for the X-38 hook. The model has 1212
joint locations (JLOC) and consists of 40 triangular combined membrane and bending elements (E33 ele-
ments) and 1125 quadrilateral combined membrane and bending elements (E43 elements). To maintain
proper element length to thickness ratios of the two-dimensional elements (E33, E43) for computational
accuracy, the thickness of the model was chosen to be 0.01 in.; namely, the model is actually athin slice
cut out from the full thickness of the hook.

Constraints

The upper left corner point is fixed, and the upper horizontal straight boundary is allowed to move
freely in the horizontal direction (x-direction) with the vertical motion (y-direction) constrained.

L oadings

Two hook-loading conditions were considered: a concentrated load or a distributed load (fig. 4). The
purpose of these dual analyses isto compare the stress concentrations under different loading conditions.
The loads shown in figure 4 are the actual hook loads and not the partial loads for input to the finite-
element model. For the 0.01-in. thick finite-element model, the applied partial hook load P was calcu-
lated from

P 42,027

Prg = ¥ 0.0L = =225 x 0,01 = 150.10 Ib (@)

For the concentrated load case, because there is no node coincidental to the actual loading point, the
applied load P was divided into two parts and applied at two adjacent nodes between which the actual
loading point lies, preserving the effective loading point location of | = 0.74375 in.



For the distributed load case, the applied load P is equaly distributed over the nodes lying in the
hook flat horizontal boundary, and the load intensity g isapplied at each node where Zqre = Ppg.
The span of this distributed loading zone is the length of one flat side of the rounded triangular sleeve
(fig. 3), again preserving the effective loading point location.

EQUIVALENT CURVED BEAM ANALYSIS

The shape of the inner rounded boundary of the hook is a circular arc (fig 3). However, the corre-
sponding outer curved boundary isanonconcentric circular arc (i.e., the inner and outer circular arcs have
different centers). The hook curved region, therefore, is clearly not of a conventional curved beam geom-
etry. The purpose of this section is to represent the hook with an equivalent curved beam, and to explore
whether the curved beam theory might roughly estimate the critical stress values. As will be seen later,
this simple approach turned out to be of great practical value in estimating the critical stress values and
the hook failure loads by using a desk calculator (or a simple Fortran program) before conducting the
time-consuming finite-element stress analysis.

Curved Beam Geometry

For analysis, the curved region of the hook is represented by an equivalent curved beam of one
quadrant (0 < 8 <172; fig. 5). Theinner radius, a, of the equivalent curved beam has an identical radius as
that of the hook (a=0.5in.). The outer radius, b, of the equivalent curved beam was so chosen that its cir-
cular boundary will circumscribe the outer boundary of the hook, which resulted in aradiusb = 4.28 in.

The equivalent loading condition on the curved beam may be considered as the summation of two
loading cases: bending under the end force P and bending under the end moment M = PI (refs. 2—4; fig. 5).

Stress Equations

The induced bending stresses for end force loading (ref. 5) can be expressed as

o (r,0) = Er%)g—l %+C2$§—%+02%{|§n%—9% )
Q'g(r,e) = bf:)gl % 2@[:? %"'C q}sn%—eg (3)

Tfe(r,e) = —W{% det? %+c [F}cos GE 4

where cistheradii ratio of a/b, and g, isdefined as

g, = 1-c%+ %+02an(c) 5



For end moment loading, the induced bending stresses can be expressed as

v 3 brf -
M, o 2 2
o, (r) = —%%p In(c)[l—[m}—%—c Bn%?% (6)
U U
M 0 rorf b
M, _ . 2
og (1) = —%Eﬂ—c +c In(c)[1+ EFD}_EL_C anG% (7)
U U
g = 0 te)

where g is defined as
2& 2
= hm _c
g = F550 o) ©

Thetotal stressesin the equivalent curved beam are then obtained by the summation of the above two
similar stress components.

P, M

0, = 0, +0, (10)

Og = cg+0g/| (11)
P .M

T = TgtTig (12)

The maximum tangential stress °e|max is located at point (r = a, 6 = 0°), but the maximum shear
Stress T, g| max 1S1ocated at another point (r = r, 6 = 90°) where r ¢ is given by

172

1 JD 2 off 2,2 02 2%
re = — +b O0+12a b —@ +b (13)
> fz{

Equation (13) was obtained by differentiating equation (4) with respect to r and then setting the
resultant equation equal to zero. Notice that r is also the radial location of the maximum radial stress
crp ‘max (tangential location is 6 = 0°) induced by force P (eg. (2)). Fortran programs for calculating the
distributions of o and 1, 4in the equivalent curved beam are attached in appendix A.

RESULTS

The following sections present the results of both the finite-element analysis and the equivalent
curved beam analysis.



Finite-Element Analysis

The deformations, stress distributions, and |oad-stress equations for the X-38 hook are presented in
the following.

Stresses and Defor mations

Figures 6 and 7, respectively, show the deformed shapes of the X-38 hook under concentrated and
distributed loadings. The vertical deflections at the horizontal tip of the hook are 4.04 x 107 in.
and 4.11 x 1072 in., respectively, for the two loading cases. Notice that these deflections are close to
each other.

Figures 8 and 9 show the distributions of tangential stress o, along the inner boundary of the hook for
the concentrated load and distributed load cases, respectively. For the concentrated load case (fig. 8), the
element with the maximum tangential stress o, | max = 93,910 Ib/i n® is at the inner boundary with angular
location 8 = B, =24.75°. For the distributed load case (fig. 9), the element with maximum tangential
stress 0t| max = 23,964 Ib/i n?isat the inner boundary with angular location 6 = 6, = 29.25°.

For the above L-shaped X-38 hook, just as for other B-52 hooks analyzed in the past (figs. B-1
through B-8 in appendix B; ref. 6), the critical stress points are not located exactly a 6, = 0° asin the
case of the classical curved beam (eqg. (3)), but are located within the region 11.25°< 6, < 36.25°.

Figures 10 and 11 show the distributions of tangentia stress o, and shear stress Ty along the critical
hook cross-section lines for the concentrated and distributed loading cases, respectively. For both of the
loading cases, the Tyy distributions profiles are saddle shaped with the Txy| max P0iNts located relatively
near the upper hook boundary. For the concentrated load case (fig. 10), the maximum shear stress
Txy|max = 11,004 Ib/in? lies in the vertical cross-section slightly to the right of the loading point. The
maximum shear stress Txy|max = 9,093 Ib/in? for the distributed load case (fig. 11) liesin the vertical
cross-section passing through the right-hand termination point of the distributed loading zone. Table 1
compares the angular locations of the critical tangential stress points and the maximum stresses induced

in the X-38 hook under concentrated and distributed |oadings calculated from finite-element analysis.

Table 1. Comparison of finite-element results of concentrated and distributed loadings
of the X-38 hook.

Loading case 6., deg Oy max 10/iN Ty max 10/iN?
Concentrated |oad 24.75 53,510 11,004
Distributed load 29.25 53,964 9,093

The results of the distributed load case (actual loading situation, fig. 3) in table 1 will be compared
with the results using the equivalent curved beam theory.



L oad-Stress Equations

From the results of the stress analysis (figs. 8-11), the functional relationships between the hook load
P and the maximum stresses may be established as follows:

Concentrated load:

ax . 2
5 =1.2732 1b/in“/lb (14)
Txy|max . o
5 =0.2618 Ib/in“/Ib (15)
Distributed load:
c’t|max )
5 =1.2840 Ib/in“/lb (16)
Txy|max . o
5 =0.2164 Ib/in“/Ib (a7

If 0t|max and T in equations (14) through (17) reach their respective failure stress levels
(0t|max =0 and Txy|max = 1, ), the load-stress equations (14) through (17) can then be used to calcu-
late the hook failure loads in tension and in shear as

xy| max

Concentrated |oad:

—

P =0.7854 o, Ib (18)

P =3.8192 1 Ib (19)
Distributed load:

P} =0.7788 0, Ib (20)

P} =4.62191, Ib (21)

Using the failure stress values of the hook material given earlier (o; = 101,000 Ib/in® and
T; =60,600 Ib/i n2), the hook failure loads in tension and in shear may be calculated from equations (14)
through (17). Table 2 shows the results.



Table 2. Failure hook loads in tension and shear
(o =101,000 Ib/in?, T, = 60,600 Ib/in?).

Loading case P, Ib PS,1b
Concentrated |oad 79,325 231,444
Distributed load 78,659 280,087

Table 2 shows that the X-38 hook will definitely fail in tension rather than in shear. The limit hook
load for test flights may then be established by applying a proper safety factor.

Equivalent Curved Beam Analysis

The results of the stress analysis of the equivalent curved beam and the established functional rela-
tionships between the hook load and the critical stresses are presented in the following sections.

Stress Distributions

Figure 12 shows the distribution of the total tangential stress along the inner boundary of the equiva-
lent curved beam, induced by the combined loading of the end force P (where P = 42,027 Ib) and the end
moment M (where M = Pl = 42,027 x 0.74375 = 31,258 in-lb). The magnitudes of the bending stress
components (og and ogﬂ ) areindicated in the figure for comparison. At 8 = 29.25°, which isthe location
Of Ot|max POINt in the X-38 hook for the distributed load case, 0 has the value of Gg|g = 59550 =
54,636 Ib/in®. This value is close to the values of ot|max = 53,964 Ib/in? calculated from the finite-
element analysis of the actual hook (fig. 9). This discovery is significant and of great practical value
because with only hand cal culations using the curved beam stress equations, one can quickly estimate the
intensity of the critical stressin the L-shaped X-38 hook during the initial design phase before initiating
the time-consuming finite-element analysis.

Figure 13 shows the distributions of oy and 1,4 aong their respective critical cross-section lines.
The maximum shear stress Tre|max = 9,327 Ibfin? lies in the 6 = 90° plane and is located at a radial
distance of rg = 0.8441 in. (0.3441 in. from the hook horizontal boundary). This vaue is also close
to er|maX = 9,093 Ib/in® calculated from the finite-element analysis (fig. 11). Table 3 summarizes
these results.

Table 3. Comparison of critical stresses in X-38 hook calculated from the
finite-element analysis and the equivalent curved beam theory.

Mode of analysis Ot max: Ib/in? Tyy| max: Ib/in?
Finite-element analysis 53,964 9,093
Equivalent curved beam theory 54,636 9,327
Percent error 125 2.57




Notice that the errors are amazingly low. This finding implies the powerful practical value of the
equivalent curved beam theory.

L oad-Stress Equations

From figure 13, the relationships between the hook load P and the tangentia stress og at 6 = 29.25°
and the maximum shear stress are T established as follows:

r9|max
(0)
0|6 = 29.25°
|T = 1.3000 Ib/in%/b (22)
Tr6|max . 9
5— =0.22191b/in%/Ib (23)

Substitution of (°e|e _ g 050 and Tre|max) in equations (22) and (23), respectively, with their failure
stresses (0 and 1) yields the following hook failure loads in tension and in shear.

t
P =0.7692 o Ib (24)

S
P} =4.5065 1, Ib (25)

Applying the given values of (o = 101,000 Ib/i n? and T; =60,600 Ibli n2), the failure load equations
(24) and (25) become

t
P =77,6891b (26)
P$ =273,0061b (27)

Notice that the levels of the hook failure loads are close to those shown in table 2, indicating the great
practical value of using the equivalent curved beam theory in the initial stage of hook design for quick
estimation of the hook failure loads.

Practical Approach

The practical way to use the equivalent curved beam theory may be summarized as follows. During
the early stage of hook design, for atrial hook geometry and the loading condition, an equivalent curved
beam of one quadrant may be created. The inner circular boundary of the equivalent curved beam should
match the inner circular boundary of the hook. The outer circular boundary of the equivalent curved beam
should circumscribe the outermost curved boundary of the hook. The curved beam theory is then used to
calculate stress distributionsin the equivalent curved beam. The maximum shear stressliesin the 8 = 90°
plane and at aknown radial distance r¢ given by equation (13). However, the angular location 6, (which
is configuration dependent) of the critical tangential stress point in the hook is still unknown. A reason-
able guessistouse 8, = 26°, the average value of the known 6, of past B-52 hooks (appendix B) and of
the X-38 hook, to obtain the critical tangential stress at r = a. Through this approach, the approximate
hook failure loads in tension and shear may be estimated.

10



In addition to the X-38 hook case, the validity of the equivalent curved beam theory was further
tested for the previous B-52 hooks shown in appendix B (ref. 6). The tangential stresses o at the already
known 6. locations, and at the averaged angular location 6, = 26°, were calculated. The results are com-
pared with the finite-element solutions and are shown in table 4.

The relatively low solution errorsindicate the powerful practical value of the equivalent curved beam
theory in estimating the critical stress levels during the preliminary hook design.

Table 4. Comparison of critical tangential stresses in B-52 hooks calculated from the finite-
element and the equivalent curved beam analyses.

X-38 Front Old rear DAST New rear
Hook / Item hook hook hook rear hook hook

0., deg 29.25 26.25 36.25 11.25 28.75
(oN | max 10/1 n 53,964 73,522 172,200 100,700 100,400
°e|e =6, Ib/in? 54,636 64,088 165,567 96,557 94,138
Percent error +1.25 -12.83 -3.85 -4.11 —-6.24
Averaged 6. , deg 26 26 26 26 26
Ge|e _ oo 1D n? 55,945 64,212 179,721 89,550 95,992
Percent error +3.67 -12.66 +4.37 -11.07 -4.39

CONCLUDING REMARKS

Finite-element stress concentration analysis was performed on the X-38 hook subjected to concen-
trated and distributed loadings. The locations and the magnitudes of the tensile and shear critical stresses
were identified. The key findings are as follows:

1. The X-38 hook was found to fail in tension rather than in shear.

2. The critical tensile stress point is located on the X-38 hook inner boundary at 6 = 24.75° and
0 = 29.25°, respectively, for the concentrated and distributed loadings, where 8 is an angle mea-
sured from the horizontal x-axis.

3. The maximum shear stress point is located in the cross-section near the root of the X-38 hook
horizontal arm and isrelatively closer to the upper horizontal boundary.

4. By representing the X-38 and other B-52 hooks with equivalent curved beams, the classical
curved beam theory could be used to quickly estimate the critical stresses in the hooks and the
hook failure loads with reasonable accuracy, before performing the more detailed finite-element
anaysis.

Dryden Flight Research Center
National Aeronautics and Space Administration
Edwards, California, April 11, 1997
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Figure 1. The X-38 lifting body atmospheric test vehicle to be launched from the B-52 aircraft.
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Figure 2. Sideview of the X-38 lifting body atmospheric test vehicle mated to the B-52 pylon
through two new hooks.
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Figure 3. Geometry of the X-38 hook for carrying X-38 atmospheric test
vehicle; dimensions in inches, except as noted.
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Figure 4. SPAR finite-element model for the X-38 hook.
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Figure 5. Representation of the X-38 hook geometry with an equivalent curved beam.
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Figure 6. Deformed shape of the X-38 hook under concentrated load; P = 42,027 Ib.
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Figure 7. Deformed shape of the X-38 hook under distributed load; 2q = P = 42,027 Ib.
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Figure 8. Distribution of tangentia stress g, along inner boundary of the
X-38 hook; concentrated load P = 42,027 Ib.
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Figure 9. Distribution of tangential stress o, along inner boundary of
the X-38 hook; distributed load 2q = P = 42,027 |b.
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Figure 10. Distributions of tangentia stress o, and shear stress Ty aong
their respective critical cross section lines; concentrated load P = 42,027 |b.
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Figure 11. Distributions of tangential stress o, and shear stress 1,,,, along their
respective critical cross section lines; distributed load >g =P = 42/ 027 1b.
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Figure 12. Distributions of tangential stress og along the inner boundary of the
equivalent curved beam; P = 42,027 Ib; M = 31,258 in-lb.
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Figure 13. Distributions of tangential stress oy and shear stress 1, along their
respective critical cross section lines; P = 42,027 Ib; M = 31,258 in-lb.

20



OO0 0O0

OO0OO0OO0OO0OO0O00O00O0O0O0O00O00O0

APPENDIX A

Fortran Programsfor Equivalent Curved Beam Analysis

PROGRAM A

EQUI VALENT CURVED BEAM THEORY FOR X-38 AND B-5 HOOKS STRESS ANALYSI S
1. Tangential stress distribution along equival ent curved beam
i nner boundary
Equi val ent curved beam outer boundary circunscri bes hook
out er boundary
Prograned by Dr. WIlliamL. Ko, March 13, 1997
PROGRAM B52HOCKS
DI MENSI ON SI GP(27)
DI MENSI ON TAUP( 27)
DI MENSI ON SI GI( 27)
DI MENSI ON SI G 27)

DI MENSI ON PP( 27)
DI MENSI ON PPP( 27)
DI MENSI ON SS( 27)
DI MENSI ON SSS( 27)
DI MENSI ON' XMM{ 27)
DI MENSI ON Y( 27)
DI MENSI ON X( 27)

REAL X
DATA X/ 0.,4.5,9.,11. 25,13.5, 18., 22. 5, 26., 26. 25, 27., 28. 75,
+29. 25, 31. 5, 36., 36. 25, 40. 5,45.,49.5,54.,58.5,63.,67.5,72.,
+76.5,81., 85.5,90./
X- 38 hook
A=0.5
B=4. 276880
e=0. 74375
H=0. 01
P=150. 096429
B-52 front hook
A=0. 3125
B=1.9
e=0. 1365
h=0. 01
P=91. 4077
B-52 ol d rear hook
A=0. 16
B=1.9
e=0. 42
H=0. 01
P=185. 1242
B- 52 DAST hook
A=0. 4375
B=2. 25
e=0. 253
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100
10

22

H=0. 01
P=143. 2665
B-52 new rear hook
A=0.5
B=2.5
e=0. 46
H=0. 01
P=156. 1775
C=A'B
DO 10 |=1, 27
X(1) X(1)/57.29578
Y(I) X(1)*57.29578
GP=1.-(C*2)+(1. +(C*2))*ALOF O
G=0.25*((1.-C*2)**2)- (C*2)*((ALOF O)) **2)
SS(1)=Cos(X(1))
SSS(1)=SI N( X(1))
PP(1)=(P/ (B*HGP))*SS(1)
PPP(1)=(P/ (B*HGP))*SSS(1)
XM ) =(P*e)/ ((B**2)*HQ*(SS(1)/SS(1))

Tangential stress at inner boundary due to force P
SIGP(1)=PP(1)*(3.*(A/B)-(C*2)*((B/A)**3)- (1. +C*2)
+*(B/A))

Tangential stress at inner boundary due to Monent M= Pe
SIGM ) =-XMM | ) * (1. -C*2+(C**2) *ALOG O) * (1. +( B/ A) **2)
+- (1. -C*2)*ALOE(B/ A))

Shear stress at inner boundary due to force P
TAUP(1)=-PPP(1)*(A B+(C*2)*((B/A)**3)- (1. +C**2) *
+(B/A))

Total tangential stress at inner boundary
SIGI(1)=SIGP(1)+SI G I)

PRI NT 100, Y(1), SIGP(1), SIGMI), SIGT(I1), TAUP(I)
FORMAT(/ 1X, F14.5, 4F14.4)

CONTI NUE

END



PROGRAM B

¢ EQUI VALENT CURVED BEAM THEORY FOR X- 38 HOOK STRESS ANALYSI S
c 1. Distribution of tangential stress along 29.25 degree radi al
c 2. Distribution of shear stress along 90 degree radial |ine
¢ Programed by Dr. WIlliamL. Ko, March 13, 1997

PROGRAM DEPTH

DI MENSI ON SI GP( 19)

DI MENSI ON TAUP( 19)

DI MENSI ON SI GT(19)

DI MENSI ON SI GV 19)

DI MENSI ON SI GTH( 19)

DI MENSI ON R(19)

REAL B

DATA R/ 0.5,.625,.75,.844102,.875,1.,1.25,1.5,1.75, 2., 2. 25,

+2.5,2.75,3.,3.25,3.5,3.75,4.,4.14453/

A=0.5

B=4. 276880
P=150. 096429
H=0. 01

e=0. 74375

DO 10 1=1, 19
C=A/'B

GP=1. - (C*2) +(1. +(C*2) ) * ALO C)

G=0. 25* ((1.-C**2)**2) - (C-*2) *( (ALOG C) ) **2)
PP=( P/ ( B*H GP))

XMVE(P*e) / ((B**2) *H G

c Tangential stress on O degree radial line due to force P
SIGP(1)=PP*(3.*(R(1)/B)-(C*2)*((B/R(1))**3)- (1. +C*2)
+(B/R(1)))

c Tangential stress due to Monent M= Pe
SIGM 1) =- XMWF (1. -C*2+(C**2) *ALOF O * (1. +(B/R(1)) **2)
+-(1.-C*2)*ALOE B/ R(1)))

c Shear stress on 90 degree radial line due to force P
TAUP(1)=-PP*(R(1)/B+(C*2)*((B/R(1))**3)- (1. +C*2) *
+(B/R(1))) o

c Tangential stress on 29.25 degree radial Iine due to force P

c Cos(29.25 degree) = 0.872496
SIGTH(1)=SI GP(1)*(0.872496)

c Total tangential stress along 29.25 degree radial |ine
SIGI(1)=SIGTH(I)+SI G I)

PRINT 100, R(1), SIGIH(l), SIaMIl), SIGI(l), TAUP(I)

100 FORMAT(/1X, F12.5, 4F12.4)

10 CONTI NUE
END

i ne
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APPENDIX B

Stress Distributionsin B-52 Original Pylon Hooks
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Figure B-1. Geometry of the B-52 original pylon front hook.
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Figure B-2. Distribution of tangential stress o, along inner boundary of the front hook; P = 10,000 Ib.
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Figure B-3. Geometry of the B-52 original pylon old rear hook.
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Figure B-4. Distribution of tangential stress o, aong inner boundary of old the rear hook;
P=17,179.53Ib.
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Figure B-6. Distribution of tangential stress Oy along inner boundary of the DAST
rear hook; P = 10,000 Ib.
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Figure B-7. Geometry of the B-52 original pylon new rear hook.
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Figure B-8. Distribution of tangential stress g, along inner boundary of
the new rear hook; P = 17,179.53 Ib.
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